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soft sea broczes. Annual rainfall averages 200 L,/n12 per )-car 

but is extrcrnel>- irregularly distribut,ecl as it falls in only a few 
day& ,, frcquentl>- causing overfln~~ing of t,hc dry beds of tile Al- 

ni+neora IZivcr aIld various ravines . Prevailing \~vincIs are from 
’ the east arid southwest. 

Agriculture is the woaltl~ of tllo regiorl with tomatoes as 

the n;ost. iltipO~t?LTlt crop at present., followed by broad beans and 

yellow corn. The cliil;ate per !;it,s at least. two harvest annually. 

Offshore fishing is plent,iful, Slcllfish, cephalopods and various 
fish are the n:ost, ilnportant zpecies and are in great d.emand in 

the nation 1 s markets. 

As a rosrrlt of the aforelnentioncd accident, four therlnonu- 

clear bombs which were being carried bq- the D-52 Wc?l”C? thl-0M.n 

1oosc>. Two fell cvith their parachutes opull and so were found in- 

tact, one in the bed of the Almaneo.ra River very xlenr its n-.outh 

and one in the sea. The other. ttvo devices could not be rccupc- 

rated intact as tlleirparachute did not open and the impact set off 

the conventional explosive contained in tllcx: , The resuI?ing .fraglr,en 
tation and oxidation of the uranium-11 and plrrtc:liurn sponge which ma 

kes up part of the bomb created a cloud of t.hosc l~vo ~:lcrr.enls. - 
This cloud \\‘a~ dispersed and bloxvn tox\.ard the sea by the st.rong 

prr:valling STY--NE wind, contan.inating .an extensive zone as it PC: . 

Ned out on the ground, plants al~d buildings . The hottest. parls s 

this zone were the two impact cellt.ers : one a semi-.dcc‘e rt hill 
4 A .500 JJlt?~~J 5 S\V vi tile viiiagc on aiiiiude-line 72 of 3 lgarroL:i- ‘c- 
nas I-Till ; tile other in some gardens at the extrcrne eastern edge 
of the village, about 200 meters from the nearest l~orrsc~, I. n t.hc 

inmediatc area were found scattered about numerous rr;otfalic bomb- 

fragments of Varying sizes, 

A. check on the state’ of these two devices clearly whotved 

a con&rjination problem caused by alpha emitters but 110 apprecia 
ble beta or gan.rna contamination. 

: 

Steps were inmediatell- taken which would enable us to de- 
t.ermirle the existence of a danger of inhalation of a radioactix-e CiCJ- 

ud which, considering the characteristics of its elements: c0r11c1 jus 
tify evacuating part or all of the population of Palomarcs. Air can: 

pies were tf:rrs taken in various places in t.l:t, town :nd in the’ fields, 
especially betweep the houses near t.he eastern. in,pact area and in 
places wherr t.tlE surrounding atmosphere ’ was most likely to bc 
contane.inaled bl- !: tc washing of radioactive elements dcpositcbcl on 
the soil axid on plants, 

For this purpose 
DOE ABC-8 

the folio\\-irig equipment was u.Tcd : 
c ;- 

a) a n-iobile Ial~oratory of the h!edicine and Protection l.)ivision, 

a Volkswagen, type 22, c?qu’ippcd b) I1 I?ricseke and Iloepfnor ( ICr 
lo~l~~cn--I3rrrck, German>-)I’ and pi-oxTided xvith, 

- 
arriong ot,ticr tilings , 

both a portable collector of dust. saa~-iples II-.oclcl 1213 -122 xvith an 

. 
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b )S-taplex portable airLsa~n~)lers tj-p-2 T 1“ 1. 11 \vitll a 

sampling captivity of approsi~1iaLelj- 30 cubic rnctcra per hour! 

potxvered by ,I. C , generat.ors , 

Hecause of its easy mancux-erabilit)-, t.hE’ lilobile labora- 

tar>- \v as used to coll~c~l air saIr,plcs in variorrs placcc in tllf: 

vicinii.J- of Palornares and Villaricos and in .othcr places ix1 a 

6 km l radtus of aclion. ThC! S taplcx air-samplers were sltrra- 

ted ill the II-.ost strntdzic parts of Palojnares a~lci in the t.*vo ill-1 - 
pact areas, and 30-k,inule sari--,plings were t.akan. ‘1‘11~ pozif,ion 

of the sari--1plc:I.s was varied for each test withill a 3.00 n;c?tcr 

radius of action for each sampler. 

The mcacurillg of the alpha activity of the sarl:ples tir- 

ken was effected ill t.xx:o parts : tile first right axysa); in order 

! to acyuirr? as soon a9 po ssible an iclca of xvl~ethcr tllc all,ha 

’ acti\-it>- was nlrrch higher than the norxr:al rad.ioacti\-it>- carrsc?,d 
1 bj- t.hc dcScelidcn!.S of l’adi-rrw and tho1.irrnl irJ tlJiz %011e; the 8~; 

’ corld 24 ~lorrl-s later to dolcrl~~ine t.l~c coJJcentratL,ioJi in the ai?- 
/ of on.itter9 Ivitll a long half-lift. 

‘1’he readings she xved that the concentrations of alpha- 
en,itt.ing clelncnts in the surrounding air were not high enough 

. to Le conciderod dangerous or to just.ify evacuation, Except in ‘-;’ 

plades less thall 100 lI.icters from the impact areas, in the strong 

Sly wind hvhich blexv bctwccn 3 : 00 PM and 5 : 00’ I’M on 20 Ja- 

tnrrary when no special decoIlt.amination measures had )-et. tee11 
e clor,tcc1 . the contamination value ill t?le air were equa.1 to or less 

than host considered as t.he maxinum pcrlnis5ible for plutonium- 
239 by t/he Tnlernational Con-In-lis.sioll UII Rad.iqlogical Protcct.ioIl 

(Maximum charge permitted = 6 x 10M13,,-,icrocurios/cm3) . In 

the abovementioned places and special circumstances, this cont,a- 
mination value was surpas sed by only one factor of 100. 

These first findings ~~lotvecl t.ha.1.: . ~0s. ARCHlv*S 
- there was no problen, of este rnal radiation of persons.; 
- the biggest problelrL was po ssible internal contamination of 

tllc inhabitant,s of Palomarcs innledia.tely after t.he accident 

as a result of breathing in of the radioactive cloud; 

- possible extcrnul contamination of the inhabit.ants of Palo-. 
mares, 011 clothes, skin and hair, could cause srrbse- 
qrrent internal contalnination if not climinEt.ted as quickly as 
poseitlc. ‘I-his contamination could come front : a) c!ircct . . 
corltacl lvit.5 the radioactive cloud : b,) direct contact \vith 
bomb frag:11:enls, \>its of tile planes 9 crops, the ground or.! :- 

talliinatecl objc:ctn , .ibl)- con 

. 
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-. the risk of later iliternal colllunlinntinn by inhalation corrld 

remain con:tnnt. if k\ ind’ stirred up conlanlinated dust and 

kcl)t it in the air ; 

- cont.aI-I-~inatiorl could be sprC3.d be;-ontl the affccteil zone! 1)). 

colllan:inaled persons, material and vegctaLlo producIs lea- .* 

ViJlg the ZOJlC? . 

. . 

. 
COIlta:i-iillat.ioll 01 tJerson.9 e a_ -------------z-m ‘;: 

In order to acquire a basic idea of the possibility of collta- 

mination of the persons in Paloll‘laros at. tlte time of the accident., 
extcr-nal contamination teas dE,termilled first on the se living in th(? 
hOLiS:cS nearest impact area number 3 alld 011 those who, while 
not inllabiting t.l~ose houses, were in a correspondi:lg area at the 
time . Tllc cllecks sho~~*ecl fairly unilnportailt e&crllal co~tnrriiIiation 

values, the 311asix1uln being about 2000 13 , P.M ./IO0 cm antt l**>iilg 
located niainly 011 footwear, lower parts of t.llc trousers and E wea- 

ter and jacket sleeves, 

At. the sari::: tin-le the external ctlecks were go’e AFCmEs 
e\ng nlade, par- 

tial sanlples of urine were being taken from the saII-le persons in 
order to determine tllc quantity of alplla emit.tcrs in general and of 

pluto~)ium 239 in part.icular \vllich was excreted. This would give 

a rapid idea of lllc extent of illtcrnul coIltarl.~irlatiorl, if an)-. The r; 
sulk of those tests and of the ones nlade 24 hours later. on the sa 
me persons sllo\ved US tllat the quantit)- of plutoniu~~1-33C3 inhaled - 
rcpresentud t-10 imnicdia?e serious 1-i-k sillcc t]lO val:~Oe 0btaincd 

were belo\v or onl>; sligllly above 

to ihc i-r:asilr.rrnl 
t,lle mini nlilnl which carrt7.5 ponds 

pcarmicsiblo doze as &st~aL~li.+hcd. Lx? tile I . C’ . 1> . 1-l. 
(Inasin-lrrm peril;issible dose::- ,f).l Il-,[cl-ocuricls for gor,c a:: a cri([- 

Cal organ and. 4 n.,icrocrrrie.5 for tile Tvholc orcJa11isnk :I? a c.l.itit:al 
orgat, ) . Ale0 it. \‘;as nr~ce~sarj- to tt4.e ill{0 accc>r~nt tllat tl,c+ sail,- 

. 
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pies of urine coulcl easily- be contan8inai-ed from the ininlec1iat.e 
external surroundings, giving a higtlcr or erroneous c-evaluation 

of the ililernnl cot-tlarr.ination of t.he persons ill ciuest.ion. This 

was xrerified b>- neM* tests perfori~~.ecl on -persons >vho ren:ai- 

ned under a rigid check in a co~nplcte1~- contnn-,ination-fl.~~e pla 

ce after having bee11 complel~el~- clccon?an.i~~atcd extcrnall>-. In 
one case in \vhich the person \vas I~OVC~ to hiadrid ’ ccause 

of a high coni.alraination value allcl placed under dni&- cI1ccks 

for ton consccut.ivo da)-s, it was possibIe to. ascertain that his ’ 

dose could not be’ over 80% of the nlaxirr,um pCr)rIisstlJle dose, 

considering bo1ie as a crit.ical organ, and that conseriuerlt.l> 

and C!CJIlsideriIlg his ilgC? (76), tllere was no reason for serious 

I preoccupation, 

Once t.llc external contan;ination checks w’er finished on 

those persons xv110 could be’ considered nlost. affected, e-sternal 

contan-bination checks were stSarlcd and carried on almost conti- 
nuously for approsin,at.oly 1.6 hours a day oil the Civil Guards 
who had helped in the contaminated ZOIICS and on all tile neigh- 
bors from’ Palomar-es, VillaSc OS and tile villages of the region 

who had visit,od the scene of cne acciclelll soon afler it took 

place. 

7hesc exaniinatiolls were made for t.hree main reasons: 

a) for the tranqui!izing psychological effect on the population ~*i%r: 
shown there was no external contarr.ination. - IJnjust.ifiod collecLivc 
panic could have begun without any real basis since complela!~ 

’ erroneous inforn-Lation was given out for various reasons during 
the first da)-” ’ which created a certain uneasiness a3l;orlg the sin: 
pie people of the village. 

b) to detect contan-.ination of clothing, skin and hair in ord.e1. to 
set adequate norIrIs of decontarr.ination, if positi\-e, or t.0 collect 
the contarriinated articles, if high, 

c) to detect the existence and aIr,ount. of external contamination on 

persons in order to detern-Line whicll ones, even though they we- 
re not in a place where the) might logically have breathed in the 
radioactive cloud, might have breathed. in rad.iation later as 

a result of direct contact \vith the ground, vcgetablo products OF 
contartiinatcd lrlatcrial and so should. be t.cst,ed irr.~cdiately ,or later 

for internal cont~an:ination, 
DOE kRCmB 

The first m,easurings of external contaJT.inalion lvere taken 
on the spot wiLh po~t;lblc alpha activity detectors, nloclcl. 2673, 
from tlie Nuclear Chicago C‘orporation. On tlic second day? tTl.0 

fixed detection unit.s, type Intcgrat.cur Portatif Alpha 13et.a I , P. A.. 

r3 . 213 from Narclcux Co (I<-ra ncc) were insfulled in speci;tl C[lic’l’r- 

i P of txvo tecl,llicia.r:s 
,I c ioIl. of the! N crclear 12 - 
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The results sho\ved no appreciable contan.inat.ion on 

the 1950 ~cr6011.~ tcSt.ecI; only a exr,alb number showed conta- 

n:inatiorl values of ZOO0 l>Pi\a’/ 101) cn: and an even smaller 

nun .he r of 20.000 131-1L’/160 cn-.2’on certain parts of their 

clothirl~, thir group being tile rr,ilitar)- nersonllol (Pivil Guard) 

on guard duty in the n.ost cxnosecl zone? , 

. 

The following n-,ensureF v’erc taken to avoid possible 

new cxk rnal contan-*ination, reduce the danger of inhalation from 

sta)-irig in rontominstc~d nlact,c and prevent the sljread. of conta- 

rr,inabion to area away from those oE the accidelil: 

a) People xA*cre forbidden to &ntcr the cultivated areas of Palo- 

mares as long as the c:ontarr.inated zonec- \rvere not marked off. 

b)I:nterdiction to apuroctcl~ and look around the re1r;ain.s; of the 

Dlanus until tlke) w’ere nro\-en nLt contarr-:inated, 

until a lo\%* degree of contan~ination or the absence, of it had 
been deternlined, etc. 

d) The Ilicking of tomatoes and brand boanr , v*llich was in full 
F.:-.ing, M’AS :tol:,oed until it w.as a.F(:ffrt.ailied V.llic:lk oltt’c‘ c C) Cl1 .; 
be Dicked v*ithorrt dange I’ to tllo nicker and tile consun[er. 

e) It w’as forbidden to Fend to orrt~:idc+ r1:arkct.c the ton\atoes in 

~iock alld l<.hich had been picked after Jernuaq- ‘i 7ti1 untii tile;- .~ 
I 

were ox-oven not contan inated. 

f) ‘l‘he foods stocked in the village v’ere chcohed for contan:ina- 

tion . DOE ARC- 
5) Vetiicules entering and leaviq the zone were cheched. 

Contan illation of lands, vegetable pr0duct.s water and IIOUS~.;: --T-------Y ---_- - --2-- ----a----------- ---- 

AS soon as t11o remains of the tv.0 them-.onrrclear bomb& 

were located, \vork began to determine the extension and degree 

of contarf.ination in the soil, cultivated and tr.ild ulank, water rc- 
~ervoirc and houses in tllc .village. For that purpose, once the 

geographical situation of the twvo in:pact areas and the distribution 

of bits of the planes \+‘ere Ftudied, a raDid field insoection V’AS 
started to measure insolated alr>ha activit.y in the soil in order to 

get a general idea oE the oroblcn-: and organize the work of d&Ii- 

miting all contarxinatcd arcas. Conscc~uentl~~, t.hr, Palonlares area 
was divided into tllree zonec, tV.0 COrrespCI~ding to the imrjact 
areas and w,hich we shall call xdnes tv.0 and r,IIrce, and the 
Ihi rd , called zone five, corresDondin,n to the town, which xt’as 
between the impact arf?as, 

. and v,hicll WC nre.clicted‘ v*oltld 
Lt.. fairly v-e11 protcckd bccau.ce cJ’f the wind direction at the: 
lr,oment of the accidc:nt, Tn areas tv-0 and thrc>c, mcnscrring 
OE srr~)crficial radiation V*RS br~yun at the -z&ro point.,c of ilr.pact .J 
and covered 

. 
360 de-yrcc:.s of the surrounding Inxld. ‘I‘ h rj rn c a E‘ LT - 

rings w*t:re taken alon? rnrli:~l ax-23 15 cicgrock apart, a n cl soil 

I ;. , 
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and vcgetntiorl Were tested every 25 mete r-9 until about 100 
. rr;ctcrs be)-ond the point \~hcr*e the reading tvas zero. Thus 

was a llzcro lint” defined. which was n,arked off by red flags 

. to. facilite quick and easy- general recognition. 

Once the zero line was fixed, the quantitative value of 

tllc contan.ination was dctcrn-,ined more carefully on each of the 

. .n;a rkcd-off pa reels of cultivated land and on the crops ill than-. . 
The same proccedure was followed on non-cultivated lands and 
on the wild vegetation and hills in the cor\tarr.inat.ed zones to es- 

tablish lines of cor.lt.an.:ination of n~ore than 710, 000 UPA!/ 

f-m2 (500 Irljc~rog1-an-.s of Pu 239/m 2L those betlvecn 710, 000 

and 7100, and those below 7100 in order to proceed in each 

zo11o according to tlrc principles of treatment which were eFt.a- 
blished and lvhich byill be rxientiorlcd below . Thesc zones could 

not be established prcciselJ- because of the difficulties inherent. 

in alpha activity- detection in almost completcl~- irregular terrain 

which is partl: covered by rocks of widely vary-ing sizes and 

by cult,?vated or wild vegetation. Thus, radioactive parlicles lvc- 

re irregularly deposited, especially near tile zero centers of 

ilnpact where there were isolated spc’; where stall bon:!, frag 

ments sllowed activity of over 4 x 10 fi DPh!. These were gi- 

ven special attent,ion because of the risk that they could be pic- 

ked up in the future by natives of the region, cornplet.el)p una- 
ware Of tlie da~~g~ler., wiler~ tllere was no control or protection,.- 

2 

To detcrn-.irle the existence and degree of contamina- 
tion in area 5, the urban nucleus of Pnlomarcs, the arca was 
divided into four 90 degree sectors with the cinema as the cen- 

ter. F‘our tean;s of tllree persons each proceeded to exarz.ine 
the sectors, rftarking then: off in 5 meter squares sin.ilar to the 
n-.cthod used in prospecting for uralritic rrlinerals, The investiga- 
tion included streets, gardens, open space’s and cultivated areas 
bet.ween the houses, ponds, irrigation dit.ches, vegetation and 

houses. In all houses and especially- those nearest areas where 
contamination was noted, the teams tested outside walls, roofs 
windolvs and en;brasures, They also explored the interior of 
those houses whose inhabi!ants had kept b!ts of Mreckage and 

of those nearest the in;pact centers, and their food stocks as 
well. 

DOE ARCrnrn8 s 

To measure superficial contarr.ination, portable propor- 
tional counters \vith narrow windows ‘were used,’ n,odel J--‘A.C-.IS 

’ from the I3bcrline Co. and rrlodel 2672 from the Nuclear Chica- 

go. Corp: Our espericnce has shotven tllat even though the cou11 
te rs produce escellent results in laboratory- work, their use iu 
the field presents serious drawbacks because the ph>-sical clxarac 
te rist.ics 

- 
of alpha radiation practically oblige the surface contact 

of tllr detector xvith the deloctod, 1‘his results in frequent conta- 
n-lir,ation of the detector alld, cs pecinll>-, pcrforution of the protC!c 

I 

i 
I 

)i - 
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tive film of tile probe b>- contact w,it.h pebbles, neeclle~ and 
an-,a11 brancItes, c!r . , -.vllicli perll.its light to enter and thus 
r-enclcr-s tllc? apparntrtF rIEClVsC for n.ca,curirlg until t.hc film is 
repaired or rcplaccd, \v hich car.r~es great. difjicultic+.s . ‘I‘llat, 
togetllcr with the ill-;possit)ility of detecling in a single n;ea~rr- 

. 
ring tllc aItit)LIlIt of contanlination on srrrfuc~s greater than 60 
and 80 CII‘. 

2 
rc~spectivcl)-, t.lle unel-en di.ctribution of the radioac 

tive deposits attd the irregulariL.Ic:s fof the terrain made the fi- 

xation. of alpha activit)- levels in the zone cnor?t-iorrsI~- laborious ’ 
and slow. Thcreforr.: we feel that. manufactu1.crs of radiation 

dct.ection eyuipw:&nt should be -interested in sol\ ing tllis problem ~ 

erpccinll>- for dctectiorl of plrrtonirrlll and alpha einiltcrs of sin.i- 
la r t%xicit.>p . 

The need for personnel specialized in the use of ra- 

diation detection apparatuses and Ineasuring \\‘ac X-cry tsati~fac 

torily filled b> safety personnel 111 the Nuclear- I!:llerg) ‘BoariI 

installations . 111. the field, the pcrsonrrel of tllo Section of Pro 

specting fo I- Ur-allitic Xlincrals, adapted to outside \$:ork and - 

trairled ii\ radiolrtetl.ic skelclles al~d rl-.anip~~lalion of EciniillaCon 

dcl~ector.~ ofg?~lr-t~l?i radiation, \>.a~ ral)idI>. trained o.i:L! full?. c:on~ 
- . 

ciorrs Of its ret-ponsibilil :r alld the igiportance of t11e task . 

To deter-Ii-.ine the contarl-;inatiolJ of ccrtaili \.-cgetable pro 

. 

L3 e sides the rr*ea:uririgs of Fupcrficial alpha acli\‘it;- 
with the portable apparatuses Il:cntioned, samples of soil and 

\TegetatIc products were solit. to the lnborato~it-!s of the hlcdici- 
ne arid I’rotclction T-Ii\-ision of the Nuclear FInerg>- 1.3oard in or 

dcr to have a 111ore exact measure, of tile corItaIr,iIlat.ion ~~alrrec 

aI!Ilough tile tiLr,e required for it did not rJerrL%i! us to use the 

L,aboratories in the elnergenc)-’ phase. DOS3 ARC-8 



1Vatcr san-,~~les taken Cro-01 ponds throughout all the zo- 

nes were tested for alpha actix-it)r in the n.obilc laboratory anal 

later sent to our J . 1’ ..N ,. laboratories: the)- she wed conce;lt ra- 

tions of about 10-O niicrocurics/nll. Sanlplcs of sea \vater, ta- 

ken in cl,iEfe1*onL plncos and at difEcrenL dctptlis arid tertc>ci for plu - 
tolliun-1 aclivity, Were like\visc: ilcgativr~ as were salr;l)lcs of fislt 

sent to A.1 adrid for analysis . 

c? I\‘<? ~lroulcl illdicatc Lhat tllc contan,ination registered on 
vegetable product.s was rlon1.ally less thall illat found ill the 
soil) esocl)t for alfalfa fields, and that because of the dt,nsity 
of its vegetation , The radiolhctric map of zone 2 gives a11 idea 

of such a statcnicllt. if one just. observes tllc valrres obtailicd re 

ferritlg Lo counts per minute, 1nessured with a PA C-1 S dcte6- 

tor of a 50% measuring efficiency alid arl effective surface of 

GO cm2. 

Because of t.he est.cnaiorl and characteristics of the con 

tan~ination, the ll,oi’t serious problcxi \vas that of decr,nt.n~~ination 

of tllc land .to a poir:t, \vl1cre there esistecl ‘absolutely no risk to 

a future populalion \%llicll, tl\rougl\out iL,s life arid for generations 

to corlle, and not. because of war, could be endan iercd b)- in- 

ternal radiation frown a11 elelrlellt wllich is considered at prcsc;ll 

one of fr:axil:ium radio-toxicit)-. 13ecause of the circunrslances 
surrorrrlclillg the conLan.iI~aIed zone, xve could rtot think of adop- 
tillg rrleasu rcs silllilar to cxrtcrgenc>- war inca.surcc field ope 1-a 
tions or cx1)erinient.s wl~ich perlr,il levels of’ supcrfi::inl z*eSidlrc- 

equal Co or higher than tllosc accepted in laboratol.ics \vol-kiIlg 

with tllc same tl-pe or radioactive eler!reIlts even though concli- 
lions and exposure tin;es xvould bv enLirrtl?- different for the peo 
plc involved . 

DOE ARCmS 
T ho refo 1-c , beC(.‘a(J”e Lhc area was inllalitecl and culti\-a- 

fed, it ~'a-' c0Il~iclel~cd t.htit ve3‘)' drastic n;ea=furc>/-‘ shorrld be ta- 
I;C?Il sinc:c t.Ilc llon71 gcr~crally rocoiI~:~lienclec.. \vl:cll dr:ali:lcr \yiLll -. 
tt. CiviliaII ljo*>ulation is to din his11 II>- 3./l 0 t11c 11~tASiiiiL’~r~ pcrlt:i- 
cc=il)Ic c’~~)c>c IT I-(-:.. . I c. T 1. ll;lcl to l,r! kept iIl 3xiit:d tllut tllc life csl.)5:c- 
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tanc:)- of the popul:t!io7l ~\:a5 75 ~‘cars’, that there Lvas little in 

lcrcousc \\.it.ll t11c’ exterior, t!lat local conditions could i~~llrrc~-. 

ce the natural rll>-thm of dissipation a~lcl lhal in cast\ of corkta- 

millation of food prodtrctz, tllc prvblen-1 0f ingestion M.oUld CO11 

t,irlrrc-‘ as long as the products existed and. could not bc! uncle- 
restirnat.ed + 

As a c0nscque~~cc of tl~csc consideration, of the re- 
sults of prcviorrs cxperinlcnts f.o detcrniine tile possibility of 

creation of a plutonium cloud and it.s content by- Startillg from 
that spread over the surface of tllc .land, of tllc characleria- 

tics of its rr.obilit)- ill tlhe soil, plant atsorl,lion and absorptic’n 

and inhalation by persons and animals, it was decided to ca- 

rry out the follo\ving opcratiolis ; 

a ) C:ollecling cultivated ar~cl Xvild vegetable products 

which showed a surface colltnn,ination great,er than 700 lIPhl/ 
2 

100 CIXl , considering thcrr-l as radioactive residues which must 

be chucked and t.ranefercd to a final depositor)-. 

mination bctwccn 200, 000 arid 7000 l~l”x~~/lOO ~311~ in order 
to e1irninat.e colltalf,inating plutoniuln from the sur.face arlcl SC) 

dilulc it. in the soil thal it could not cause any sanitary problcn:s 
in the frrturc. : 

d ) iVatc ring of and removing debris from cultivated lands 
having less surface contalnination than 7000 r) Pi\!/ 100 cln’ to 

make radioactive particles penetrate into the soil, dilute them 
and eliIr,inate the possibllit.>- of their blowinrl away. CYJ 

e) IYashing of trees ancl bushes to tlinlinatc contan:inn- 
tion . frortl their leaves and trunk;, and uprooting those sho\villg 

high activit.>- and riot responding satisfactoril>p to clecolltarl,inatiorl 

operations, 

f) I-J osing doxvn Lvitl-1 detergents of tlic houses ~vherc . 
contan-:inc?,tioll was found, a11d if it did not drop to zero to a \re- 
ry 1.0~~ level, + xr.dll residual zones 2vere eitl~er chilbped a\va>- 

and elilttinatcc! or painted over to fis 111~ conta~l~ina!ioIl . 

Q 
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Almeria, and in order to avoid tile c-1ightcP.t d~ance of dr:l)ositerI 
alnha-en;ittiIlg particle.=- being Fu.sncrldr:d in the air, the depo-it? 

v’erc at fir,ct fixed v.it.1) mineral oil in and around tllc sn.,all cra- 

ters wllerc t.he contnn ination VRC greatest, and l))- abtilldant ~*a-. 

tering in other places v*here contarr.inntion ~*a? lo~.cr and t?le 

charactcristic,r of tlic terrain and tile slight culti\-ation favored the 

blov*ing and suspension of duet, ‘and ~~hich was not necessary for 

future tilling. 

f3ecausc of the nature of thrl crops v*hich had to be c:ollcc 

ted, there were no n.achinec available to cut or rruroot tllE31-:, so 

it \“i).c nec:eFsary to resort to the use of per~onc wvho firet pulled 

LID tllc slakes of tllc climbing tornatoer and then, cupplied uT!tt-1 c-ic.*k- 

ICC and nrol.cctccl by adequate equFnwent, cut and grouped the crop-. 

Lakr, the reducing oE tile volume of the contalr inatc?d. ~ta.ke~ cau- 

sed great problcrr.:s x~~llich w.ere colvcd by using chopoin g ~~‘achirle> 

sin.ilar to ttlosc u_red for cuttin% cu yrtr cane . rl . 

The large I~CIII’ ber of century slant? and nrickl)- near? gl.o- 
w.ing near tile %ero noint of zone 3 had to be unrooted in order to 
elinIinate the 1-r an)r highl) contan.inated fragn:cnk v.hich \n.erc bet.v*cell 

their leave: and v.hich would llnve been in-!posEible to rely - . -~e~)a- 

rate1y. DOE AI%& 
In older to renove the layer of soil pruviorrsl>- rrlent.iolled 

w.ithou\. fern-:in,p a radioactive duct cloud, th& ground WRC thorou~l!1I; 

wet d0v.n by tank-truck? before and after being niled UD by a brrlldo 

zcr. The soil was loaded onto snccially adnnted truck? under Fpe- 

cial en- ergcncy condition?. The contarrinated Foil and vegetables V’C- 

re trancportcd to a tear-porary dcnot in t\le* n.ore isolated z011e 2 by 

a fleet of truck? fitted with hern:etic drums which T>revented ‘109~ and 
scattering on the way, They were unloaded under a curtain of wa- 

ter to Drevent dust, The resulting heanr of ia,-th were fir--t \*:att;red 

corAtinuous1y , than fixed by xineral oil -and covered by fi1.rr-ly-af.tac~lcd 

nylon c an v a c‘ c s . Once the contarrinated’ soil wan rex oved from zone 
.2, a .pit was dug to rdduce the vo1urr.e of the huzc quantity 11f green 
vcgctahlo product.5 which had been collected. Thf:n ‘the vcgc#,a ‘)ies -i-.’ 0 - 

I 

!.- 



T lie plowing, crumbling, removal of debris ancl mixing of 

the soil of the culti\-atcd field? \\‘a~- ac:coII:r~li~hcd w.itlI tI.ac.:tors ~.hich 

V.ere norn.ally equipped for llle Lvork and rented from tllc farlr.ers. 

The fame farn.erF carried out thc?e operations--, provived with ade- 

quate ~Jl’Ot~?C~.iOll eqrtip3r.ent, and ~‘e1.e coInuletely d.econlan..inat.ed af- 

te1*\vardc, Once the dccontan- ination \**ork wae fini~hcd, checks of 

the land Fho\t*c:.d us tlIat tile desir-cd result 1Iad bee11 obtained. FiIl- 

ce what. reall;: x?sas accomplished 1,)~ the first ploct*ing ~‘a9 an in-i-cr - 
sion of acti\-c surEace coil and inactix-e lo\\,c)r soil, it could be tllat 

later plox4.ingy could rctul-n the active coil Lo the curfat:c. A rcpe- 

titian of no rn‘al tilliIl,g rrrlder tile sari--.e conditions nro;-ed that tile 

Foil remained iII the sz1I1.e state, pcI-llapc wore ho~nog:t”~It!ou~ and 

bc-tter- Il.ixod, arld this contribut~od tCJ the dilution of existing raclioac- 

tive c:lerI.cilt+’ arld tllc? rc:dt.ICtic>il of the risk CJf I-esUsp~ri?iLJn of I’a- 

dioactive duel. ‘l’hc theoretical fat.tar of dilutiorl achieved \*.a~ ap1jI.o 
xin.ately 4.2 x 3 Q7, 

._ 

‘I- I‘ees, blrFhes aIId houst?= t+‘ere treated by V.ashi.ng Lvitlt” M’FI 
te I- under hiGil nrC’.sure froIr1 DUIllrJs fitted on tank-truck;. 1Jor:x4Io% 
cleaning equil,n:ent ~.a? sowctimc u=cd on certain narts of the hou- 

, SCF. Or1ce t11c r)ortineIIt decoIIta:r-irtation ooerntions ~‘e~‘e finislled in 
each of tllc Darcel.5, 7oncs, etc. , tenrr I= and eqrrinn-.ent. sin-.iIaI- to 

thocc used to delin-,it tire contan.inated area? tested ane\v the surfa- 
ce alplka activity of every parcel of the cultix-atcd zone, If contarni- 
nation greator tllan 220 DPr\‘/lOO cn. 2 v*c rti noted, anotho J‘ tI*cat- 
rr,ent would be n-,adc; otheru.isa the parcel would be returned to 
its o\$‘ner along \Vitll a certificate =tating that the land was in per- 
fect condition to he worked again, and tlli7 was done, 

. 
Final deposit of radioactive reciducs - .--e --.----- -_-- --es-- 

J?or the final denosit of all the radioactive reriduec which 

were foreseen, it was thought necesPa+y to’ dig twits and buy-)- t.1lcI-t:. 
‘I’heF.e nit? would have to rncct several indispensable requisites 

whic!1 vyorrld acs-ure 
. 

indefinitcl>r tlie in-&no e?ibility of diffusion or eeca- 

, DC of the radioactive elerr enk contained therein and their penetration 
into tile human biolo+cal c)-cle through \t.ate r, food cllain, etc. A. 
site for tile tJitS \*‘a.= chosen in zone 2 which -had tlIe advant.agcF of 
being ncarb>- and offerin?. n- axirnuw secu t-ity as tc:-tified by geologi- 
cal Ftudies made b>- Fnecialized personnel. The only drav,back eras 
its geogranliical sitrration on the ;\‘cditerranean belt xqliirll border.5 

the alpine rice of t.lle AndalrrPinn (‘ordillcra v.hc?ro tflcru arc 11; FL II)- 

seicnlic ntovcIl:ents. . 
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13rrl when tlke technical studies and thoFc concerning tllc 

deeign, 11’1 ate ri’alc to be u-cd and construction of the nitr v\-e re 

finished, it was decided to transuort the residues in question to 

the United S tutes vehcrc tlley ~.ould be buried in th; final deuo- 

Fitory area of the S avallnah ‘I? iver Plant. 1:Jecause of the diffi- 

culties tllat the. transport und burial of the residues entailed, it 

was. decided to pack thenI in iron drun:F-. of about 220 liter capa 

city , After testing the ct.rcngL.11 of tile loaded drums and their - 

top,r , per1,endicular n:etalIic bands wcrc placed to veinforce the 

tops encircling the drum? tangfntall>-, ‘l’his made them safe, 
1 

The previously dampened coil was shoveled into drulns, 

and a sel-ies of roller? t~a,c used tvlrich conFidcrabl;- eared XTO- 

ving the drum? to eacll succcs5-ive .=.l)ot where an operntion v*as 

perforn-secl. Great attention wras paid to external contan- irlat.ion 

checks and dcconta~nination if positive. The trrinspo r-t and. ship- 

riicnt operations v*ent sqoothly. 

Conclusions - ------_ 

l~rorn the exl,erience acauired on thiF occasion v.hicll 

we believe ho bc uniclue ut3 till no\‘. , vv.e have dcdrrccd t?le follo- . 

WiJlg : 

1) As! Ollc! of UY has already expo.=cd at thc Conference oE t>lis 
Org*~,ni.x~!i.or! in (r: e 1) e I.' 8 , it is e\*ident that, t:1 

nuclear rick? are great, 

accid-cnts iri, ;~hich.~ 

governmental Nuclear Energy Comlni- 

scion mu.‘-.t ad\,isc and direct lhe onera1ion.e rince tllc tecllnical 
DrOblClllF- encountered are comnlex enough to require highly S [J C 

ciaIizcc1 installat.ions, equinmcnt and nersonnel, 

2) An accident of tllis sort imnlies a Feries of aspects of pro- 
tection - sanitary, t~sychological, strategic, economic, cnqinee- 

ring, and even legal - which require the esist.ence of a union of 

.various tyrjes of efforts and the application of measures co united 

as to form a logistical nlan of adequate eyuipn:cnt ancl ~er~onncl 
for rapid use in all of the operations related to accidental radioac- 
tive contam/nation, 

?) It is necessary to inculcate in pconle of every walk of Iifc tlls 

idea that radioactivity is not uniquely and exclusively leagued with 

that of marimum danger of our times and with the monstruous 

effects of nuclear and ther1nonuclear explosions, Distintions Ir.ust 
be made between the ty-nes of radioactivity, causes that can modi- 

*fy the danger, forIns of +rotectior.l,. etc. Therefore t\*e feel that 
it \vould be of great inkrest to nublish articles of poprIIarizi;tion to 

fanliliarixe the entire nopulation \t*itli the immense risk of uncontro- 

lled use of radioactix-e isotonc:s and nuclear ar&s ; to shot&* that 

from llle beginning of tile nuclear era many effort.= have bcel; ta- 
1 ken to investigate tile Ir:echanisn: of radiation and its biological 

cfJc?cts, t11c CRCISCF that can convert, potential da,nger inti, re;~l dan- 
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ger to man, methods and cquip~riellt of control, methods and n;e-. 
.ans of analysis to cnablc us to give an ouinion on the anount of 

one or several raclioaotive elements that lrave caused internal co11 

tarnination, tile dose of radiation from then;, and the. consequcnl. - . 

risk. to the individual, ‘rhc articles v.ould also stat.e w11at doses 

of radiation can be allo\\ved under abnormal circumstarlccs or short 

neriods of t.in:e ; the esistence of ecienlifically calculated values of 

maxil;nrrm perrr:issible closes of radiation and maxin;rtrn pcrn..issibIc 

ooncentrations in air, water and. foods, and v.llat that repI*esents 

as far as WC Irno~: today. l’llc ari.icles would fur-the rmo 1.e note 

that since life ha; existed, all ‘living being= ha\-c been srrl)jccted 

to a deterrt.:ined doue’ of natural radiation that is not peculiar to 

nuclear bon-,bs, reactors and the equirlment and rt..ate rialg that. 

men who are dedica.t.ed to the investigation and applicalion of nu- 

clear nov:er llandlc in most countries of the \tvorld and wllich are 
contributing to raise the level of bun-:an existence, . 

l3iscussion -----.---- 

Dr. Kinani( Syria) aEtcr thanking the sneaker, vpishod to 

point out that the figures given in the course of the lect.ure, SLI ch 

as 7000 d.p.rr., 20,000 d.r).m. ne;rnt little without kno,~ing the 

‘comi~utors gcomctry ernoloycd to count and measure radioactivity 

of coil or vegelablcc- such as tomatoes or beans, ‘~\‘oulcl the svea- 

'& e 1‘ specify- on the tyuc of counter and anuaratuc z’rr:~!o*-~~ to count I’U ;i 
and measure radioactive contan.ination to wllich he had referred ‘in 

the course of this very interesting naper. 13 r , Iranzo in reply to 

.Dr. Kinani stated that the figures he had .givcn in resucct of conta- 

mination had been esljressed in terrr.s of disintcgrat.ion per minute 

per 100 cmL2 which took into account the various criteria of the . 
counters used, such as efficiency, effective .contact surface etc, so 

ar to obtain and formulate data which n.ay ea,cily bc conlpared to 

the maximum nerrr.issible values of Furface contarr,ination established 

-by vasious national and international organizations for tllc protection 

against radiation, The only case where contan:inatioIl values had 

been expre ssed in counts ner minute referred to the radiometric 

plan of zone N o, 2 where the results exuressed p‘ert.ained to soil 
and vegetation. Ile had snecified that the measurements had been 
taken with the T3A.CY- IF count.er with an average efficiency of 50% 

and surface efficiency of 60 cn:2. , 

Iv’ r , Le\Gnc ( CT, S . A . ) , asked v.llethe1‘ any illnesses due 

, to rarlioacti\*it)- had been diFc:ovcred either inrr:ediately or 
$3 10s 

since. 
D 1‘. Cantos ( Spain) rcnlied tlrat tl~ere had ttcon no pro- 

blen\‘:of oi-yanir: lesions dnc to tile .happily s ar.all a?(:orrnt of radiu- 
tion, and tltat no patllological changes had been observed to dale. 


